In this study, the activity concentration of radon, 222 Rn, in kindergartens and schools in the town of Niš, Serbia, was explored. The method of active charcoal was applied. The measurements were carried out by gammaspectrometry with HPGe detector. The results belong to the range of 15 Bq/m 3 -256 Bq/m 3 , with an average value of 59.7 Bq/m 3 and a standard deviation of 25.3 Bq/m 3 . It was shown that data are distributed according to the log-normal distribution, and that is no correlation between indoor 222 Rn concentrations and the activity concentrations of radium, 226 Ra, in the soil.
INTRODUCTION
Radon ( 222 Rn) is a radioactive, noble gas (half-life T 1/2 = 3.825 d) and has been discovered, together with its two isotopes ( 220 Rn, T 1/2 = 55.6 s and 219 Rn, T 1/2 = 3.96 s) in 1900. 222 Rn is a decay product of radium ( 226 Ra), therefore the presence of radon in indoor air is due to the radium contents in the ground. Since building materials originate from the rocks' material, which could contain a certain amount of radium, they could be a considerable source of radon in indoor air. Soil gas radon can enter into the buildings through cracks by pressure-driven mechanism and by diffusion. The relatively long halflife allows it enough time to transport and homogenous mixing in a room (UNSCEAR, 2006) .
The radiation of radon is the largest source of dose which an individual from the general population receives (1.15 mSv), among the other natural sources of radiation (total 2.4 mSv) (UNSCEAR, 2006) . Radon presents a certain health hazard due to its short-lived progenies ( 218 Po, 214 Pb, 214 Bi, 214 Po) that may deposit within the lung. Namely, when radon is inhaled, some of its decay products, attached and nonattached to the aerosols, tend to stick to the epithelial tissue and deposit in the lungs and irradiate cells in the respiratory tract. Therefore, the ICRP (International Committee for Radiological Protection) recommendations emphasized the importance of controlling radon exposure in dwellings and workplaces arising from existing exposure situations (ICRP, 2007) . Very extensive measurement programs have been conducted and have formed the basis for implementing measures to reduced indoor radon concentrations (UNSCEAR, 2008) . Some European countries established national guidelines for 222 Rn of 200 Bq/m 3 for both existing houses and new construction. A number of countries, as well as Serbia, determined 400 Bq/m 3 as the upper limit for existing houses and 200 Bq/m 3 for new construction (Off. Gazette, 2018) .
There are studies that have showed that children are more susceptible to radiation exposure than adults even for low doses received (Bem, 2013) . So, many research projects worldwide concerned the radon in kindergartens and schools (Durick et al., 1997 , Gaidolfi et al. 1998 , Maged 2006 , Synnot et al., 2006 , Rahman et al., 2009 , Obed et al., 2011 , Trevisi et al. 2012 , Bem et al., 2013 , Vuchkov et al. 2013 , Branco et al., 2016 . Few investigations deal with radon measurements in kindergartens and schools in some regions of Serbia (Ţunić et al., 2010 (Ţunić et al., , Stajić et al., 2015 . Since there were no such investigations in the region of the town of Niš (43º19'15" N, 21º53'45"E, 201 m above the sea level), which is an economic, cultural and educational center of southeastern Serbia, in which vicinity is Niška Banja where very high radon concentrations have been measured (Manić et al., 2006 , Nikolov et al., 2012 , in this work the measurements of radon concentrations in kindergartens and schools in Niš were done.
METHOD
The indoor radon activity concentration has been measured in 30 kindergartens and schools in the town of Niš during the winter-spring season. Radon concentrations in air were determined by the active charcoal canisters method, according to the standard EPA procedure (EPA, 1987) .
Measurements were performed by gammaspectrometry with Canberra HPGe detector calibrated in the energy range 40 keV -3000 keV, with relative efficiency 26% and FWHM = 1.8 at 1332 keV ( 60 Co), using the software Genie 2000, Canberra, USA. Calibration was performed by a standard radionuclide source of 226 Ra in 10 cm C-S canister (NIST -679, US), with the relative expanded uncertainty 3.3 %. The estimated combined standard uncertainty of the method was 10% at a 95% confidence level.
The concentration of 222 Rn was determined by the photopeaks of its gamma-emitting progenies 214 Pb (295 keV and 351 keV) and 214 Bi (609 keV). So, the measurements were carried out 3 hours after closing the canisters, when the radioactive equilibrium between radon and its progenies has been reached. Further, the 222 Rn concentration was calculated using a program with the input quantities (EPA, 1987) :
 The total number of counts in the range of 270 keV -720 keV, for measurements before opening and after closing canister, in CPM (counts per minute);  The efficiency of counting of gamma detector for specified range in CPM /Bq;  The time from the middle of indoor exposure of the activated charcoal to the start of measurement on the gamma spectrometer;  The masses of canister before and after exposure.
RESULTS AND DISCUSSION
The results of the measurements of indoor radon for 20 kindergartens and 10 elementary schools in the city of Niš are presented in Table 1 . For each measurement site, two or three canisters were used and the result is the mean of obtained values.
The corresponding annual effective doses E (mSv) are also given in the table. They are calculated by the equation:
where: C ( 222 Rn) is concentration activity of 222 Rn in Bq/m 3 , F is equilibrium factor indoors (F = 0.4), O is indoor occupancy (O = 7000 h) and DCF is the dose conversion factor, DCF = 9 nSv/(Bq h m -3 ) (UNSCEAR, 2000) . It can be seen from the table that the minimum concentration of 222 Rn, 15 Bq/m 3 , with the corresponding effective dose of 0.378 mSv, was measured in kindergarten "Crvenkapa", Mokranjĉeva b.b. The maximum of 222 Rn concentration, 256 Bq/m 3 , with an effective dose of 6.45 mSv, was found in elementary school "Bubanj", Bubanjskih heroja 3. The average value of 222 Rn concentration is 59.7 Bq/m 3 (E = 1.50 mSv) and standard deviation is 25.3 Bq/m 3 (0.638 mSv).
Worldwide indoor radon concentrations vary widely from a few Bq/m 3 to more than 7 • 10 4 Bq/m 3 in high background areas (UNSCEAR, 2006) . The average values for individual countries range from 9 to 184 Bq/m 3 , and UNSCEAR 2000 Report deduced a value of 40 Bq/m 3 for the arithmetic mean. So, the average value of indoor radon concentration obtained in this study is about 50 % higher from the average value worldwide. However, since higher 222 Rn concentrations occur in the autumn or early winter and lower in the summer, the values measured in this work are probably higher than the yearly means. Figure 1 presents a probability density distribution of measured concentrations of radon. In order to explore whether the data can be fitted by a log-normal distribution, the Kolmogorov -Smirnov test was applied. Obtained test statistic value is D = 0.138. This is lower than critical value, determined from Kolmogorov -Smirnov distribution table, D 30 (0.05) = 0.242. Also, the probability value, i.e. the p-value, p = 0.149, is larger than the significance level of 0.05. It indicates that the null hypothesis that the data are distributed according to the log-normal distribution cannot be rejected at the 5 percent level based on the Kolmogorov -Smirnov test.
Since 222 Rn is the direct product of 226 Ra decay, in this study the correlation between measured indoor radon concentrations and the activity concentrations of 226 Ra in the soils in the yards of kindergartens and schools (presented in Table 1 ), determined earlier (Manić et al., 2019) , were explored. The radon measurement results versus corresponding activity concentrations of radium are presented in the form of a scatter plot in Figure 2 . Obviously, these two datasets are not linearly dependent. The value of Pearson's correlation coefficient (Wackerly, 1996) which represents the degree of linear dependence of two physical quantities, with a range of values from -1 to 1 is: ρ = -0.196. This means that the data are low correlated, and moreover, they are negatively correlated. The obtained negative correlation can be explained by the fact that in addition to the content of the radium in the soil, a large number of factors affect the concentration of indoor radon: soil permeability and moisture, building materials used in the construction, meteorological conditions, ventilation, type of heating, etc. (UNSCEAR, 2008 , Gulan, 2017 , but probably the most important factor is the content of 226 Ra in deeper layers of the ground. Almost all values of radon concentration in kindergartens and schools in Niš are below the limit of 200 Bq/m 3 . Only one measurement result is above that limit, but under the limit of 400 Bq/m 3 for existing houses. The data follows a log-normal distribution. There is no correlation between indoor 222 Rn concentrations and the activity concentration of 226 Ra in the surface soil. In order to control the irradiation of the population, further research of radon concentration, which would extend to the whole town, not just to kindergartens and schools, can be recommended.
